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EFFECTS  OF  NATURAL  SEAWATER  AND  ELECTROCHEMICAL  POTENTIAL  ON 
FATIGUE-CRACK  GROWTH  IN  5086  AND  5456  ALUMINUM  ALLOYS 


INTRODUCTION 

SOOO-series  aluminum  alloys  are  among  the  leading  candidate  materials  for  application 
in  advanced  high-performance  ^ip  structures.  Crack  growth  considerations  wiU  play  a vital 
role  in  the  development  of  criteria  for  materials  selection,  design,  fabrication,  inspectioh, 
and  maintenance  of  these  new  ships  [1]. 

However,  to  date,  relatively  little  study  has  been  devoted  to  the  fatigue-crack  growth 
characteristics  of  5000-series  marine  aluminum  alloys.  The  investigation  reported  here  is  an 
exploratory  study  on  the  effects  of  electrochemistry  in  corrosion-fatigue  crack  growth  in 
this  important  class  of  naval  alloys. 


MATERIALS 

The  aluminum  alloys  studied  in  this  investigation  are  5086-H116,  5086-H117,  5456- 
H116,  and  5456-H117.  Aluminum  alloys  5086  and  5456  are  characterized  by  intermediate 
yield  strength,  high  fracture  toughness,  good  weldability,  and  high  resistance  to  various  forms 
of  corrosion  attack.  Nominal  compositions  of  these  alloys  are  given  in  Table  1. 


Table  1 — Nominal  Chemical  Compositions 


Element  (wt-%) 


Alloy 

Mn 

Mg 

Cr 

Zn 

Ti 

Fe  + Si 

Cu 

5086 

0.2-0.7 

0.25  max 

0.25  max 

— 

0.90  max 

0.10  max 

5456 

0.5-1.0 

0.05-0.20 

0.25  max 

0.20  max 

0.40  max 

0.20  max 

Note;  Data  from  Alloy  Digeat,  Engineering  Alloys  Digest,  Inc.,  Upper  Montclair,  New  Jersey 


The  H116  and  H117  tempers  were  developed  in  recent  years  specifically  to  eliminate 
exfoliation  in  marine  environments.  Exfoliation  in  these  alloys  is  thought  to  occur  by  a 
process  of  preferential  corrosion  through  continuous  networks  of  stringers  consisting  of 
precipitate  particles.  The  H116  temper,  developed  by  Reynolds  Metals  Co.,  seeks  to  avoid 
this  undesirable  condition  through  overaging,  which  tends  to  produce  a uniform  dispersion 
of  fine  particles  and  thus  avoid  continuous  paths  for  exfoliation  attack.  The  H117  temper, 
develop^  by  the  Aluminum  Company  of  America,  seeks  to  retain  particle  formers  in  solid 
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solution,  thus  producing  a more  uniform  microstructure  that  results  in  somewhat  higher 
fracture  toughness  than  the  HI  16  temper. 

The  alloys  studied  in  this  investigation  were  received  as  25-mm-thick  rolled  plate.  All 
tests  were  performed  on  the  materials  in  the  as-received  condition.  All  tensile,  fincture 
toughness,  and  fatigue-crack  growth  data  reported  are  for  crack  paths  oriented  parallel  to  the 
final  rolling  direction  in  the  T-L  fracture  plane  orientation  designated  by  ASTM  [2] . 

Tensile  properties  measured  on  the  selected  materials  (12.8-mm-diameter  specimens) 
are  given  in  Table  2.  Fracture  toughness  data  are  plotted  on  a Fracture  Resistance  Dis^pram 
in  Fig.  1.  This  diagram  is  a plot  of  fracture  toughness  vs  yield  strength,  showing  the  upper 
and  lower  bounds  of  fracture  toughness  behavior  for  aluminum  alloys  as  determined  from 
extensive  previous  testing  experience  [3] . The  diagram  is  subdivided  into  two  regions  on 
the  basis  of  ASTM  criteria  for  plane  strain  fracture  toughness  (Kj^)  in  25-mm-thick  materials 
[4] . Below  the  ASTM-defined  limit,  25-mm-thick  aluminum  alloys  can  be  expected  to  un- 
dergo fracture  in  a brittle  elastic  manner.  Above  the  limit,  alloys  can  be  expected  to  exhibit 
increasingly  ductile  elastic-plastic  fracture  behavior.  In  the  uppermost  regime  of  fracture 
toughness,  25-mm-thick  alloys  exhibit  highly  ductile,  fully  plastic  fracture  behavior.  Although 
the  four  alloys  studied  in  this  investigation  exhibited  a rather  broad  range  of  fracture  tough- 
ness, as  determined  by  25-mm  dynamic  tear  tests  [5] , all  of  the  fracture  results  for  these 
materials  fall  well  into  the  region  of  ductile  elastic-plastic  behavior  as  shown  in  Fig.  1. 


Table  2 — Tensile  Properties 


Alloy 

0.2%  Offset 
Yield  Strength 
(MPa) 

Ultimate 

Tensile 

Strength 

(MPa) 

Reduction 
of  Area 
(%) 

Elonga- 

tion 

(%) 

5086-H116 

188 

327 

29.5 

21.0 

6086-H117 

206 

306 

36.2 

20.5 

5456-H116 

215 

370 

22.7 

20.0 

6456-H117 

224 

362 

24.3 

18.5 

EXPERIMENTAL  DETAILS 

The  fatigue  tests  described  in  this  report  were  conducted  at  the  Naval  Research  Labora- 
tory’s Marine  Corrosion  Research  Laboratory  in  Key  West,  Florida.  These  tests  were  con- 
ducted using  single-edge-notched  (SEN)  cantilever  fracture  mechanics  specimens  of  the  type 
shown  in  Fig.  2.  Specimens  were  cycled  under  zero-to-tension  loading,  which  is  equivalent 
to  a stress  ratio  of  R ^ 0.  Cyclic  loads  remained  constant  throughout  each  test.  The 
cyclic  frequency  was  10  cpm  (0.167  Hz). 
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- Fracture  regirtance  diagram  for  aluminum  alloys 
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Fig.  2 — Details  of  the  SEN  cantilever  specimen 

Experimental  observations  consisted  of  regular  periodic  measurements  of  crack  length 
(a)  as  a function  of  cycles  (N).  Crack  length  measurements  were  made  optically  using  a 
Gaertner  traveling  micrometer  focused  on  the  crack  tip.  These  a-vs-N  plots  were  then 
graphically  differentiated  to  produce  plots  of  cyclic  crack-growth  rate  (da/dN)  vs  the 
crack-tip  stress-intensity  range  (AK).  Stress-intensity  calculations  were  performed  using 
the  Kies  equation  for  notched  bend  bars  [6]. 

Tests  were  conducted  in  ambient  laboratory  air  and  in  fresh  flowing  natural  seawater. 

The  ambient  laboratory  air  was  controlled  at  approximately  '50  percent  relative  humidity. 

The  seawater  was  taken  directly  from  the  ocean  at  the  laboratory  site  and  immediately  pumped 
through  a polyurethane  enclosure  around  the  specimen  test  section  in  a single-pass  mode  at  a 
flow  rate  of  approximately  200  ml  pet  min. 
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The  corrosion-fatigue  tests  in  natural  seawater  were  conducted  at  the  freely  corroding 
(F.C.)  potential,  -0.955  V median  value  for  the  5456  alloys  and  -0.975  V for  the  5086 
alloys,  and  at  controlled  potentials  of  -0.75,  -1.3,  -1.4  and  -1.5  V.  Potentials  were  con- 
trolled by  means  of  a commerical  potentiostat  device  and  were  measured  against  an  Ag/AgCl 
reference  electrode. 


RESULTS  AND  DISCUSSION 


Ambient  Air 


The  fatigue-crack  propagation  characteristics  of  the  four  alloys  studied,  as  determined 
in  ambient  air,  are  shown  plotted  in  Fig.  3,  which  is  a logarithmic  plot  of  crack-growth  rate 
(da/dN)  vs  stress-intensity  range  (AK).  For  the  range  of  AK  values  studied  (AK  = 13  to  41 
MPa-m^/2)^  data  for  all  four  alloys  fall  on  a common  curve,  which  is  distinctly  sigmoidal  in 
shape. 


The  data  in  Fig.  3 are  in  good  agreement  with  prior  resutls  obtained  by  Chu  on  alloy 
5456-H117  [7,8] . Chu  also  noted  the  signmoidal  shape  of  the  logarithmic  da/dN-Aif  curve, 
and  he  derived  a modified  form  of  the  Forman  equation  [9]  to  express  his  results  in  the  form 


da  {AK-AKt^r 

dN  ^ [(1  - R)K.  - AK]"> 


(1) 


where  R is  the  stress  ratio  AKf/,  is  the  lower  threshold  for  crack  propagation, 

and  K,  is  the  fracture  toughness. 


For  expressing  the  data  obtained  in  this  study,  two  simplifications  to  equation  (1)  were 
possible:  R = 0 and  m = 1.  Thus,  for  its  application  to  the  present  study,  equation  (1)  was 
reduced  to  the  following  form: 


da  (AK-AKt^r 
dN  (Kg  - AK) 


(2) 


However,  it  must  be  strongly  emphasized  at  this  point  that  the  values  assigned  to  the 
parameters  AKf/,  and  Kg  are  only  apparent  values  of  these  materials  properties  and  thus 
serve  only  as  fitting  constants  for  the  various  trend  line  curves  shown.  For  instance,  the 
values  of  AK/f,  and  Kg  used  to  describe  the  data  in  Fig.  3 are  9.08  and  44.7  MPa-m^^^, 
respectively.  As  discussed  by  Bucci  [10]  and  others  [11,  12],  actual  AKlf^  values  for 
aluminum  alloys  tend  to  lie  well  below  the  apparent  value  us^  to  express  the  curve  shown 
in  Fig.  3.  Similarly,  the  value  of  Kg  used  in  the  same  equation  is  a misleading  value  of 
fracture  toughness  tor  these  alloys.  As  illustrated  in  Fig.  1,  under  monotonic  rising  load, 
these  5000-series  alloys  are  highly  ductile  and  exhibit  very  high  levels  of  fracture  toughness, 
far  in  excess  of  the  measurement  capabilities  of  a linear-elastic  fracture  parameter  such  as  Kg. 
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Fig.  3 — Fatigue-crack  propagation  characteriatics  of 
several  SOOO-series  aluminum  alloys  in  an  ambient  air 
environment 


Overall,  the  results  of  this  investigation  are  consistent  with  Chu’s  prior  observations. 
That  is,  da/dN-vs-AIT  data  for  these  alloys  generated  in  several  enviroments  tend  to  suggest 
apparent  values  which  are  too  high  and  apparent  values  which  are  too  low.  The 
reasons  for  the  excessively  high  AX'fh  values  are  not  altogether  clear.  Recent  studies  [13] 
have  shown  that  5000-series  aluminum  alloys  are  susceptible  to  environmental  effects  on 
crack  propagation  as  a function  of  relative  humidity.  Data  presented  in  a later  section  of 
this  report  will  show  pronounced  environmental  effects  on  ^th  ^ some  of  these  alloys  as  a 
function  of  applied  potential.  Therefore,  environmental  factors  are  a possible  reason  for  the 
high  apparent  values  reported  here  and  in  Chu’s  work. 

An  explanation  for  the  excessively  low  values  is  more  readily  apparent.  In  unpub- 
lished studies  on  alloy  6086-H116,  Kr^ft  et  al.  have  analyzed  this  effect  in  relation  to  the 
cyclic  strain-hardening  characteristics  of  this  alloy  [14] . In  effect,  cyclic  work-hardening 
transforms  the  ultimate  fatigue-crack  propagation  resistance  of  these  montonically  ductile 
alloys  to  much  lower  values  normally  associated  with  much  more  brittle,  high-strength  alu- 
minum alloys. 


Seawater  — Freely  Corroding 


Crack-growth  rate  data  obtained  in  flowing  natural  sea  water  under  freely  corroding 
conditions  are  shown  in  Fig.  4.  The  air  environment  trend  line  &om  Fig.  3 is  included  here 
for  reference  purposes.  No  significant  sensitivity  of  crack-growth  rates  to  seawater  was  noted 
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in  these  results  except  in  the  case  of  alloy  5456-H116.  Previous  observations  of  environmen- 
tally insensitive  fatigue-crack  growth  in  natural  seawater  or  laboratory  saline  environments  at 
low  cyclic  firequencies  are  quite  rare  and  are  considered  to  be  a highly  favorable  character- 
istic for  high-strength  alloys  intended  for  marine  service.  Previous  alloys  which  fell  into  this 
category  are  lONi-Cr-Mo-Co  and  9Ni-4Co-0.20C  steels  [15]  and  Ti-6Al-2Cb-lTa-0.8Mo  [16]. 


5000  SERIES 
ALUMINUM  AaOYS 


AIR 

ENVIRONMENT  ! 
TREND  line  I 


Fig.  4 — Fatigue-crack  propagation  characteristics  of 
several  5000-series  aluminum  alloys  in  flowing  natural 
sea-water  under  freely  corroding  conditions 


y - ,7  SEAWATER 
S FREELT  CORRODING 

■ 7 • 5086-HII6 

' • 5086 -HIIT 

♦ 5456-HII6 
lO-Av  * 5456 -HUT 

5 X 10'*  1 , 1 , i , : , 

K)  20  40  60  80  KX) 

STRESS -INTENSITY  RANGE,  AK(MPa  m''^) 

In  the  mid-region  of  the  AX  values  studied,  da/dN  values  in  5456-H116  were  increased 
by  a factor  of  approximately  three  in  response  to  the  presence  of  seawater  at  freely  corroding 
potential.  Chu  reported  a doubling  of  crack-growth  rates  in  alloy  5456-H117  in  natural  sea- 
water [7] . A previous  NRL  study  on  alloy  5466-H321  showed  crack-growth  rates  to  be  in- 
creased by  as  much  as  a factor  of  three  in  3.5  percent  NaCl  saline  solution  [17].  Although 
these  environmentally  induced  accelerations  of  2 to  3 in  crack-growth  rates  in  5000-series 
aluminum  alloys  are  not  insignificant,  the  environmental  sensitivities  noted  here  are  fw  less 
than  those  for  7000-series  aluminum  alloys,  which  exhibit  crack -growth  rate  accelerations  of 
5 to  20  under  similar  conditions  [17,18]. 

Seawater  — Applied  Potential 

Crack-growth  rate  data  obtained  in  flowing  natural  seawater  under  applied  potential  are 
shown  for  each  alloy  studied  in  Figs.  5 through  8.  In  each  case,  trend  lines  based  on  equation 
2 are  shown  for  the  freely  corroding  potential  (~-1.0  V)  and  for  each  applied  potential.  The 
values  of  the  parameters  C,  n,  AX,^  and  X<.  used  in  each  equation  are  tabulated  in  Table  3, 
and  the  values  of  all  da/dN  and  AX  data  gathered  in  this  study  are  tabulated  in  Appendix  1. 
For  purposes  of  comparison,  the  reader  is  reminded  that,  with  the  exception  of  alloy  5456- 
H116  (Fig.  7),  the  air  environment  reference  trend  line  is  closely  approximated  by  the  freely 
corroding  curve  in  seawater. 
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Table  3 — Forman  Equation  Parameters 


Alloy  Environment 


Potential 

(V) 


5086-H116 

Air 

Seawater 

Seawater 

Seawater 

Seawater 

5086-H117 

Air 

Seawater 

Seawater 

Seawater 

Seawater 

5456-H116 

Air 

Seawater 

Seawater 

Seawater 

Seawater 

8.42  X lO-* 
9.41  X 10-* 
9.41  X lO-* 
9.41  X 10-* 
8.91  X 10"* 


I 5456-H117 


Air 

Seawater 

Seawater 

Seawater 

Seawater 

Seawater 


8.91  X 10-* 
9.25  X 10-* 
9.37  X lO''* 
9.37  X 10''* 
9.21  X 10'^ 


9.21  X lO"* 
9.38  X 10''‘ 
9.38  X 10"* 
2.92  X 10-3 
2.92  X 10-3 
9.25  X 10"* 


The  most  pronounced  feature  of  this  collection  of  data  is  a nearly  consistent  trend 
toward  lower  crack -growth  rates  with  increasingly  negative  potential.  This  trend  is  evident 
in  all  of  the  alloys,  but  is  more  pronounced  in  the  5456  alloys  than  in  the  5086  alloys. 
Basically,  the  5086  alloys  were  not  strongly  affected  by  either  seawater  or  potential. 

The  most  remarkable  observations  in  this  entire  study  were  those  indicating  that  crack- 
growth  rates  in  seawater  at  cathodic  potential  were  actually  lower  in  many  instances  than 
those  in  ambient  air  at  the  same  AK  level  and  that  an  apparent  electrochemically  induced 
crack  arrest  could  actually  occur  under  these  conditions.  These  observations  are  all  the 
more  remarkable  because  they  stand  ip  direct  contrast  with  observations  of  very  significant 
accelerations  in  crack-growth  rates  in  steels  under  cathodic  potentials  [16,19]. 

An  example  of  these  effects  of  cathodic  potential  on  crack  growth  is  shown  in  Fig.  9, 
which  is  a plot  of  observed  crack  length  (a)  vs  cycles  of  repeated  load  (N)  for  two  specimens 
of  alloy  5456-H117.  Under  freely  corroding  conditions,  a specimen  failed  in  approximately 
28,000  cycles  when  cycled  under  constant  load  with  an  initial  AK  level  of  13.8  MPa-m^^^. 
For  the  same  alloy  under  potentiostatic  conditions  at  -1.4  V vs  Ag/AgCl  and  at  an  initial 
AK  = 20.3  MPa-m^/2^  the  specimen  had  not  failed  after  255,000  cycles  and  showed  little 
evidence  of  significant  crack  extension. 

In  another  experiment  similar  to  that  above,  a crack  was  allowed  to  grow  in  5456-H117 
alloy  under  freely  corroding  conditions  for  a distance  of  1.2  mm.  At  this  point,  with  AK  = 
20  MPa  rn^^^,  the  'oecimen  was  polarized  cathodically  to  -1.40  V and  the  crack  growth  was 
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Fig.  9 — Crack  length  vs  cycles  data  for  alloy  5456-H117  in  seawater 
showing  crack  growth  to  specimen  failure  in  less  than  30,000  cycles  at 
the  freely  corroding  potential  and  very  limited  crack  growth  after  more 
than  250,000  cycles  at  -1.4  V 


stopped.  No  further  crack  growth  was  observed  for  the  next  275,000  cycles,  after  which 
the  experiment  was  terminated.  A microscopic  examination  of  sections  of  the  crack  tip 
revealed  no  obvious  features  which  would  explain  the  lack  of  crack  growth.  In  Fig.  10,  a 
section  of  the  crack  tip  of  the  5456-H117  specimen  etched  with  Keller’s  etch  is  shown  at 
lOOX.  The  large  black  precipitates  are  Mg2Si,  the  gray  precipitates  are  an  (Fe,  Mn)  AI0 
complex,  and  the  fine  precipitates  have  been  identified  as  Mg2Al3.  A fine  precipitate  bemd 
ing  is  seen  with  accumulation  at  the  grain  boundaries.  Cracking  occurred  along  the  grain 
boundaries;  no  significant  bifurcation  of  the  crack  was  observed. 


^ -7',  , ■V':  '-H 


. \ 0.2  mm 


Fig.  10  — The  crack  tip  at  lOOX  for  alloy  5456-H117  in 
seawater  at  -1.40  V vs.  Ag/AgCl  after  more  than  275,000 
cycles  at  AK  = 20  MPa-m*^* 
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tention  should  be  focused  on  events  at  the  lower  regions  of  the  curves  in  Figs.  5 through  8, 
since  the  observations  cited  in  references  20-22  pertain  to  lower  AX  values  than  those  en- 
countered in  the  present  study.  Speidel  et  al.  [20]  studied  the  effect  of  specimen  polari- 
zation on  crack ^owth  rate  in  7079-T651  aluminum  at  a single  level  of  AK  ^ 7 MPa-m^/2 
They  noted  increasing  values  of  da/dN  with  anodic  potential  and  decreasing  values  of  da/dN 
with  cathodic  potential,  similar  to  what  is  found  among  the  data  for  the  5086-H117  and 
5456-H117  alloys  at  the  lower  AK  values  studied  (Figs.  6 and  8).  Dresty  and  Devereux  [21] 
reported  similar  observation  on  7075-T6  aluminum  at  AK  values  in  the  range  of  approxi- 
mately 5 to  8 MPa-mi/2  Endo  et  al.  [22]  studied  the  effects  of  cathodic  potential  on  a 
high-strength  Al-Zn-Mg  alloy.  They  observed  crack -growth  rates  via  post- failure  striation 
spacing  measurements.  Their  observations  suggest  that  a minimum  in  da/dN  is  reached  at 
potentials  near  -1.3  to  -1.4  V,  followed  by  a significant  increase  in  da/dN  at  more  negative 
potentials.  None  of  the  authors  cited  above  reported  electrochemically  induced  crack  arrest 
of  the  type  observed  in  the  present  study  under  cathodic  potential. 


CONCLUSIONS 

The  following  conclusions  were  reached  from  this  exploratory  study. 

• In  an  ambient  air  environment  containing  approximately  50  percent  relative 
humidity,  the  fatigue-crack  propagation  characteristics  of  alloys  5086-H116,  5086-H117, 
5456-H116  and  5456-H117  are  essentially  identical. 

• In  flowing  natural  seawater  under  freely  corroding  conditions,  fatigue-crack 
growth  rates  in  alloys  5086-H116,  5086-H117  and  5456-H117  showed  no  significant  change 
from  those  measured  in  air.  However,  under  these  conditions,  crack-growth  rates  in  alloy 
5456-H116  were  as  much  as  three  times  faster  than  those  in  air. 

• In  flowing  seawater  at  an  anodic  potential  of  -0.75  V,  crack -growth  rates  in  the 
HI  17  temper  alloys  were  slightly  accelerated  as  compared  to  those  measured  at  the  freely 
corroding  potential  of  -1.0  V,  and  crack-growth  rates  were  slightly  reduced  in  the  5086- 
H116  alloy  at  this  anodic  potential.  Alloy  5456-H116  followed  the  same  pattern  of  be- 
havior; however,  the  reduction  in  crack -growth  rates  with  anodic  potential  was  of  a more 
significant  magnitude. 

• In  flowing  natural  seawater  at  cathodic  potentials,  which  varied  between  -1.3 
and  -1.5  V,  crack-growth  rates  in  all  four  alloys  tended  to  be  reduced,  especially  at  the  lower 
AK  values  studied  (~12  to  20  MPa’m^/2)_  jhis  trend  effect  was  much  more  pronounced  in 
the  5456  alloys,  which  under  these  conditions  had  crack-growth  rates  that  were  actually 
lower  than  those  measured  in  ambient  air  at  the  same  AK  levels. 

• Overall,  crack-growth  rates  in  the  5086  alloys  were  not  strongly  affected  by 
either  seawater  or  applied  potential. 
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• Observations  of  electrochemically  induced  crack  arrest  were  made  in  the  5456 
alloys  in  seawater  at  an  applied  cathodic  potential  of  -1.4  V.  Subsequent  metallurgical 
examination  revealed  crack  growth  to  be  tran^ranular,  and  no  evidence  of  crack  branching 
could  be  detected. 
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Appendix  A 

CRACK-GROWTH  RATE  DATA  FOR  5086  AND  5456  ALUMINUM  ALLOYS 


This  appendix  presents  tables  (Tables  A1-A4)  of  crack-growth  rate  data  for  aluminum 
aUoys  5086-H116,  5086-H117,  5456-H116,  and  5456-H117  in  air  and  seawater  at  various 
potentials.  In  each  of  the  four  tables  environment  and  electrochemical  potential  are  speci- 
fied. 


Table  A1  — Crack-Growth  Rate  Data  for  Aluminum  Alloy  5086-H116 


^ ! 


Air 

Seawater 



Seawater 
-1.30  V 

Seawater 
-1.40  V 

S< 

_ 

awater 

3.75  V 

AK 

(MPainl/2) 

(da/dN) 

(mm/cycle) 

AK 

(da/dN> 

AK 

(da/dN) 

AK 

(da/dN) 

AK 

(da/dN) 

13.5 

1.92X10-* 

13.4 

2.54X10-4 

15.1 

3.56X10-4 

17.6 

4.09X10-4 

13.6 

3.63X10-4 

15.1 

2.62X10-* 

14.7 

3.20X10-4 

17.3 

6.58X10-4 

19.1 

4.95X10-4 

16.7 

6.25X10-4 

16.2 

3.18X10-* 

16.5 

4.65X10-4 

19.6 

8.71X10-4 

21.5 

6.68X10-4 

20.0 

1.07X10-3 

17.7 

4.72X10-* 

18.6 

7.26X10-4 

22.7 

1.10X10-3 

24.4 

1.18X10-3 

22.6 

1.35X10-3 

20.0 

7.06X10-* 

21.2 

1.14X10-3 

27.1 

2.69X10-3 

27.0 

1.79X10-3 

25.7 

1.78X10-3 

22.7 

1.07X10-3 

24.6 

1.44X10-3 

34.3 

8.41X10-3 

29.9 

2.39X10-3 

30.8 

3.76X10-3 

26.2 

1.78X10-3 

29.6 

3.48X10-3 

34.2 

4.06X10-3 

39.2 

1.17X10-3 

31.1 

2.47X10-3 

36.9 

8.38X10-3 

39.3 

8.51X10-3 

37.5 

8.51X10-3 

Table  A2  — Data  for  Aluminum  Alloy  5086-H117 


Air 

Seawater 

F.C. 

Seawater 
-1.30  V 

Seawater 
-1.40  V 

Seawater 
-1.40  V 

Seawater 
-0.75  V 

AK 

(MPain*'3) 

(da/dN) 

(mm/cycle) 

AK 

(da/dN) 

AK 

(da/dN) 

AK 

(da/dN) 

AK 

(da/dN) 

AK 

(da/dN) 

15.9 

3.45X10-4 

13.3 

2.06X10-4 

14.1 

2.41X10-4 

14.9 

1.51X10-4 

17.4 

2.92X10-4 

14.3 

5.28X10-4 

18.6 

5.38X10-4 

14.7 

2.53X10-4 

15.6 

2.79X10-4 

16.3 

2.03X10-4 

18.6 

3.30X10-4 

17.4 

6.43X10-4 

20.8 

6.73X10-4 

15.9 

3.73X10-4 

17.4 

3.91X10-4 

17.4 

2.92X10-4 

20.2 

4.60X10-4 

20.2 

9.58X10-4 

23.1 

9.17X10-4 

16.8 

5.38X10-4 

18.8 

4.57X10-4 

18.4 

4.50X10-4 

21.9 

6.68X10-4 

24.3 

1.47X10-3 

26.7 

1.32X10-3 

18.4 

5.89X10-4 

19.7 

6.68X10-4 

20.1 

5.74X10-4 

23.7 

9.14X10-4 

29.3 

2.69X10-3 

29.1 

2.49X10-3 

20.1 

7.34X10-4 

22.5 

9.35X10-4 

24.3 

1.19X10-3 

26.3 

1.46X10-3 

34.8 

4.01X10-3 

34.3 

4.32X10-3 

21.9 

9.91X10-4 

25.7 

1.13X10-3 

29.7 

1.99X10-3 

29.8 

2.24X10-3 

44.1 

1.92X10-3 

41.4 

9.76X10-3 

23.8 

1.44X10-3 

29.2 

2.43X10-3 

35.8 

4.32X10-3 

35.2 

4.34X10-3 

26.9 

1.93X10-3 

34.2 

3.18X10-3 

45.6 

1.66X10-3 

42.9 

9.53X10-3 

32.5 

2.95X10-3 

43.1 

1.01X10-3 

37.7 

4.95X10-3 

43.4 

1.26X10-3 
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